The negative correlation with pH and salinity as well as the positive correlation with DO indicate that the radionculides in sediments were less soluble with increasing pH and salinity therefore; they tend to accumulate in sediments under more the oxidizing conditions. The 40 K variations in the sediments to the high solubility of potassium, the organic matter content and the particle size which corresponds to the clay content.
Introduction
Red Sea belongs to the category of land-locked seas, as it is semi-enclosed basin in an arid zone in which evaporation far exceeds precipitation and runoff. Like the other enclosed seas, its chemistry is intimately linked with physical and biological processes, in particular with topographical features (Morcos, 1970) . Red Sea coastal plain is from 2 to 50 km wide and slopes up gently to the east until it meets the mountains. The Red Sea Mountains are deeply cut by valleys but streams flowing in the uplands fail to cross the coastal plain to reach the sea (Behairy, Sheppard, & El-Sayed, 1992, 41 pp.) . Most sandy shores in the northern Red Sea are narrow beaches adjoining narrow coral reef flats (Chiffings, 2003) . Red Sea is considered the most important and the biggest navigation path in the world as well as northern Red Sea and the Gulf of Suez involve about 90% of the Egyptian oil exploration and production activities (El Afifi & Awwad, 2005; Shawky, Amer, Nada, Abd El-Maksoud, & Ibrahium, 2001) . Also, the Egyptian 27.724
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e e e e e e e e s11 e e e e e e e e G u lf o f S u e z E n t a n c e Red Sea Mountains were characterized by its phosphate mines that were extending between Safaga at the north to Abu Ghsoun south of Mersa Alam including; Um El-Howeitat, Gasus, Wasif, Mohamed Rabah, Hamadat, Atshan, Duwi, Anz, Abu Tundub, Hamrawein and Abu Ghsoun. Consequently; the major industries in the Red Sea region include oil exploration, oil production, oil processing, phosphate ore mining activities, manufacturing industries (fertilizers, chemicals, cement) (El-Mamoney & Khater, 2004; UNEP, 1997, 67 pp.) . Marine sediments are the essential reservoir for natural and artificial radionuclides retention because of their diverse composition. The uptake, mobilisation, transport and redeposition of natural radionuclides are complex processes depend on both physical and chemical parameters (Noureddine & Baggoura, 1997) . The radionuclides distributions in the marine sediments (natural and artificial) provide an essential information about sediment movements and accumulations, provide a strong signal about the sediment origin as well as can consider the base information about any future abnormality in the artificial radionuclide concentrations in the marine environment (El Saharty & Dar, 2010) .
Rasel
Radionuclides are known to be associated with organic materials in nature. Therefore, oil, gas and oil field brines frequently contain radioactive materials (Paschoa, 1997) . Hydrocarbon exploration and production activities have the potential to increase the risk of radiation exposure to the environment and humans by concentrating the quantities of naturally occurring radiation beyond normal background levels (Ajayi, Torto, Tchokossa, & Akinlua, 2009 ). The water coproduced with the oil and gas contains activity concentrations of 226 Ra and 228 Ra about three orders of magnitude higher than what is normally encountered in seawater (NRPA, 2004, 54 pp.) . Phosphate rocks have relatively high content of radionuclides (Bituh, Marovic, Franic, Sencar, & Bronzovic, 2009; UNSCEAR, 2000 UNSCEAR, , 1220 . Phosphate deposits are generally characterized by enhanced radionuclide concentrations compared to natural levels. The mining and processing of this phosphate ore redistribute radionuclides throughout the environment and introduce them into phosphoric acid and phosphogypsum (Harb, El-Kamel, Abd El-Mageed, Abbady, & Negm, 2008; Saueia, Mazzilli, & Fá varo, 2005) . El-Mamoney and considered oil explorations and production as well as phosphates ore mining and production are non-nuclear pollution sources that could have serious radiological impacts on the marine environment and the coastal ecosystems of the Red Sea.
The present study aims to delineate the sources of some natural radionuclides and their activity patterns in two localities under two different human activities along the Red Sea coast as well as the interaction between these radionuclides and the surrounding hydrographic parameters (pH, salinity and dissolved oxygen).
2.
Materials and methods
Geological and geomorphic settings
Rasel Behar is one of the important oil exploration and production areas along the Red Sea. (Fig. 1) . The maximum recorded depth in the embayment was 10 m directly below the shipping wharf. The mountainous area of Hamrawin involves one of the greatest phosphate mines that produce about 50% of the Egyptian phosphate production. Hamrawin Harbor contains big factory for crushing and milling the raw boulders and big stones. The milling raw materials contain a mixture of all grain sizes; cobbles, pebbles and dust size. Throughout shipping operations; the transferred raw materials were exposed in most days to intensive winds, subsequently, the finest particles of raw materials (dust size) are smothering in air then fall down in the marine zone and the neighbouring area. In the reverse wind days, the amount of volatized materials geminate to more than four or five folders due to the generated eddy winds that increasing the dropped raw materials to the marine area around the harbour. Also, the marine area is affected by the terrestrial runoff from the Red Sea Mountains during the temporary flash floods (El Mamony & Rifaat, 2001 ).
Hydrographic parameters measurements
The Hydrographic parameters; pH, salinity and dissolved oxygen (DO) were measured in situ using Digital Hydrolab Instrument (Surveyor (4) ) at the sea surface of all sediment sampling locations.
Sampling and Analytical procedures
During May and June 2006; 23 samples were collected from the upper surface sediment layer (0e20 cm) using Grab Sampler in water depth between 1 m and 10 m from Rasel Behar and Hamrawin marine areas in addition to three samples were collected from the alluvial delta at Hamrawin Valley. About 250 g of each sample were dried in an oven at 105 C to remove moister then pulverized and homogenized. The powdered samples were bottled in 40 ml containers and stored for about four weeks to reach the equilibrium state.
One gram of each homogenized sample was digested in a MARS-5 microwave oven. After ingestion, the samples were filtered using a glass fibre filter in order to separate the solution from the sample residues. Po on a silver disk followed by alpha spectrometric measurement ( 
3.
Results and discussion
Hydrographic conditions
Hydrogen ion concentration (pH) plays an important role in the rate of release of metals into water. If the water is acidic with low pH, the metals release much more rapidly than when the water is more alkaline and the pH is comparatively high (Dar, 2002, 212 pp.) . The lower pH values increase the competition between metals and hydrogen ions. Also, a decrease in the pH dissolves metal complexes and releasing metal ions in the water column. Hydrogen ion (pH) at Rasel Behar was varied from 8.0 to 8.1 and from 7.8 to 8.0 at Hamrawin (Table 1 ). The relatively high pH values Rasel Behar may attribute to the brine water drains from the crude oil tanks and the fishing boats maintenance. The low pH values at Hamrawin recorded below shipping wharf and decrease seaward that may due to the partial dissolution of phosphate raw materials that may produce phosphoric acid in the seawater. The vertical distribution of pH shows irregular variation attributed to the vertical mixing process of water. The decrease in the pH values with depth is mainly due to decomposition of the organic matter and decrease in the dissolved oxygen (Hanna, Saad, & Kandeel, 1988) . It is higher in winter than in summer and it shows decrease with depth as a general trend, this can be attributed to the decomposition of some falling organic matter (El Mamony, 1995, 212 pp.) . Hanna et al. (1988) demonstrated that the dissolved oxygen (DO) increases seaward and northward in the Hurghada area. Also, there is irregular distribution in the surface dissolved oxygen, where the lowest values recorded at the shore. Dissolved oxygen is affected by certain local conditions as temperature, salinity, increased aeration and decomposition of dead organisms. Dissolved oxygen was fluctuated between 4.17 mg/l and 4.77 mg/l at Rasel Behar and between 4.68 mg/l and 5.14 mg/l at Hamrawin (Table 1) . El Mamony (1995), 212 pp. attributed the irregularity in the dissolved oxygen distribution in the surface water to the fast effect of wind, wave, tide, coral reef distribution and solar energy. According to Abu Hilal (1985) , dissolved oxygen in the seawater has an effect on the metal dissolution and controls the redox potential. Normally, a higher dissolved oxygen concentration contributes to a higher redox potential and greater dissolution of metals and releases the metal ions from sediments into the overlying water column (Dar, 2002, 212 pp.) .
Salinity is a function of air and water temperature changes from season to another. It was changed between 41.64& and 
42.96& at Rasel Behar and was fluctuated between 40.50& and 40.73& at Hamrawin (Table 1) . The variation between surface and bottom water salinity depends upon the temperature and water mixing. Hanna et al. (1988) attributed the irregular variation of the vertical salinity distribution to the vertical water mixing and the high rate of evaporation in some seasons. They added, the increasing in salinity with depth is the general character of the Red Sea. The seawater salinity directly affects metal distributions; metals solubility was decreased with salinity increasing (Dar, 2002, 212 pp.) . The recorded low salinity values and high DO contents at Hamrawin relative to those at Rasel Behar may attributed to surge wave and currents effects, continues seawater maxing and the temporarily flash floods. The general trend of the horizontal distribution pattern of salinity at Rasel Behar shows two spots of increasing near the coast may be due to the brine water drainage from oil tanks and the third is southward, while pH and DO have increasing southward belonging to the general trend of winds in the locality (Fig. 2) . The prevailing wind direction is north-northwest throughout the year in the northern Red Sea except for occasional southerly winds that blow during winter (Fouda & Gerges, 1994, 99 pp.) . According to (Sheppard, Price, & Roberts, 1992, 359 pp.) , the fundamental movements of surface water follow the winds, so that the northerly wind of summer drives surface water south for about four months at a velocity of 12e50 cm/s. The main surface drifts are slow moving and are easily modified and even reversed by local effects and by small tides (UNEP, 1997, 67 p.). Therefore, salinity at Hamrawin was increased seaward while pH and DO were increased southward belonging to winds and water masses movements (Fig. 3) 
marine area of Hamrawin (Table 2) . The recorded activities of 226 Ra at Rasel Behar were higher than average of the Red Sea coastal sediments of Sudan (Sam, El Ganawi, Ahmed, & El Khangi, 1998) Po were lower than Hamrawin and other studies (Table 3) .
The distribution patterns of 226 Ra, 228 Ra,
232
Th and 210 Pb at Rasel Baher show two patterns (Fig. 4) . One of them, is the activities increasing near the coast that may attribute to the brine water drainage from oil tanks and the other southward indicates to these radionuclides may drifted by winds from the oil production platforms at Jubal Strait. According to (IAEA, 2004) , the water co-produced with the production of oil and gas is currently considered to be contains the largest volume of radioactive waste generated by the oil industry. Also, the levels of natural radioactivity in this co-produced water depend on the source rocks of the oil reservoirs and the associated brine water ( Fig. 3 e Salinity, pH and DO distribution patterns at Hamrawin. & Kuszmaul, 2004) . El-Mamoney and found that the radionuclide ratios increase along the coastal shoreline in the direction of the Shuqeir to the north and southward whereas the oil exploration and production activities are located. In the otherwise, (Al-Sharkawy et al., 2012; AlTrabulsy et al., 2011; El-Arabi, 2005; El-Mamoney & Khater, 2004; El Saharty & Dar, 2010; El-Taher & Madkour, 2011; Sam et al., 1998; Shawky et al., 2001 ). Khater, Hussein, and Hussein (2004) (Khater, Higgy, & Pimpl, 2001) , phosphate layer of El-Sabaea Mine (Harb et al., 2008) , some Egyptian phosphate rocks from Nile Valley, Eastern and Western deserts (Abbady, 2005) but much lower than phosphate rocks of Wadi El-Mashash and El-Mahamid Mines, Egypt (Abbady, Uosif, & El-Taher, 2005) ( Table 3 ). The uranium concentration in the shore sediment depends on the uranium J o u r n a l o f R a d i a t i o n R e s e a r c h a n d A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 2 9 2 e3 0 4 concentration in the fringing mountains (crystalline rocks), and the mobility of uranium from the rock and the shore sediment by rain and seawater, respectively (El-Mamoney & Khater, 2004; El Mamony & Rifaat, 2001 Po were concentrated below the shipping wharf and decreasing abruptly seaward and southward indicate to the dropped phosphate raw materials in the marine area are the main radioelements source in the locality (Fig. 6) . Th activity patterns reach the highest activity values southwestern corner of the embayment (Fig. 7) tend to accumulate with the fine sediments, while the activity pattern of 40 K was covering the embayment basin indicating to strong occurrence and multiple sources of accumulation (Fig. 8) . Po activity patterns at Hamrawin.
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Statistical estimations
J o u r n a l o f R a d i a t i o n R e s e a r c h a n d A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 2 9 2 e3 0 4 salinity were weak or insignificant. Radionuclide metals solubility is related to parameters such as pH, redox potential (closely related to the dissolved oxygen content), temperature, salinity and organic and inorganic complexing. Due to the different chemical properties and half-lives of the radionuclides in the decay series, chemical leaching from the rock material will occur at different rates (NRPA, 2004, 54 pp.) . Ahmed, Abbady, El-Kamel, Steinhausler, and El-Arabi (2001) noted that the concentration of uranium in the nature surface water is affected by some factor as the climatic conditions and the oxidation state of the water. The negative correlation with pH and the positive correlation with DO indicate that the radionculides in sediments were less soluble with increasing pH and tend to accumulate in sediments under more oxidizing conditions (Giresse, De Dieu N'Landou, & Wiber, 1986) . Guimond (1990) , pp. 113e128 reported that the radionuclide content of a phosphate deposit increases with increasing P 2 O 5 . Horrison (1992) attributed the 40 K variations in the sediments to the high solubility of potassium, the organic matter content and the particle size which corresponds to the clay content.
Conclusions
➢ J o u r n a l o f R a d i a t i o n R e s e a r c h a n d A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 2 9 2 e3 0 4 fishing boats maintenance. Po were concentrated below the shipping wharf and decreasing abruptly seaward and southward indicate to the dropped phosphate raw materials in the marine area are the main radioelements source in the locality. ➢ The negative correlation with pH and the positive correlation with DO indicate that the radionuclides in sediments were less soluble with increasing pH and tend to accumulate in sediments under more oxidizing conditions. ➢ The 40 K variations in the sediments to the high solubility of potassium, the organic matter content and the particle size which corresponds to the clay content.
